Abstract: Benzofuranone derivatives have important skeletons which are widely present in various biologically active molecules, thus, synthesis of optically pure compounds presents great interest for medicinal chemistry. In our study, the enantioselective synthesis of 4-oxo-6-phenyl-4,5,6,7-tetrahydrobenzofuran-5-yl acetate (3) and 4-oxo-6-phenyl-4,5,6,7-tetrahydrobenzofuran-5-ol derivative (4) was achieved for the first time. Several lipases were used for the kinetic resolution of different pH values and different solvent systems of racemic 4-oxo-6-phenyl-4,5,6,7-tetrahydrobenzofuran-5-yl acetate (rac-3) in which the lipases from HPL, PPL, RNL and PCL displayed high enantioselectivity towards 4-oxo-6-phenyl-4,5,6,7-tetrahydrobenzofuran-5-ol derivative (4) at pH=7.
INTRODUCTION
The compounds bearing a benzofuranone skeleton are found to have potential for large scale implementation as pharmacological agents because of their biological activity (1) .
The benzofuranone derivatives with important biological activity are present in a large range of natural products and also therapeutic substances. It is known that benzofuranones are significant intermediates used in the synthesis of natural products. For example, the use of benzofuranone is reported as a most important intermediate for the main and total synthesis of taxol (7) .
There is demand for the development of synthetic methodologies leading to the structure of chiral benzofuranone-type compounds, considering the attractive pharmaceutical effects and different biological properties of the afore-mentioned natural products, drugs and other related products.
The synthesis of drugs discovered through efficient stereoselective synthetic methods is one of the most current industrial research subjects.
There are significant variations in the pharmacological activities of the enantiomers.
There are chiral receptor domains in the human body, which interact only with drug molecules with an acceptable absolute configuration. For this reason, the relationship between molecular chirality and pharmacological activity is very important in pharmacology (11) .
Nowadays, with the discovery of modern medicines, the prominence of enzymatic kinetic solution reactions has emerged (12, 13 
RESULTS AND DISCUSSIONS
The use of enzyme-mediated processes for In our ongoing work, we have previously provided information related to biocatalyst-mediated reactions (17, 18, 25). Here, we performed enzymatic hydrolysis of rac-3 by using a variety of lipase enzymes which were used for analytical screening (Table 1) . To specify the conversion, the reaction was monitored with TLC and HPLC as references by using a chiral column using rac-3 (synthesized from rac-3 with K2CO3/MeOH). The reaction was followed at regular intervals by TLC and terminated when 50% conversion was reached.
The pure product was obtained after flash column It has also been found that the various lipases behave differently in different organic solvents with different reaction systems. However, so far, none of them has enabled validation of any serious predictive analysis about catalysis in organic solvents (26) . In this study, the effect of solvents was investigated and it was observed that esterification in hydrophobic solvents such as toluene and DMSO generally provided relatively high enantiomeric excess for alcohol (+)-(4).
However, the hydrophilic solvents such as THF gave low yields, and very low enantiomeric excess values (Table 1) .
All results are summarized in As shown in Table 1 , as can be seen in Table 2 for compound (+)-4.
Moreover, some enzyme and solvent combinations and phosphate buffer increased the E value of the reaction (PPL with 81% ee and E value: 11; (entry 20 in Table 1 ) for DMSO at pH=7, PPL with 81% ee and E value: 10; (entry 20 in Table 1 ) for toluene at pH=7, PCL with 79%
ee and E value: 10; (entry 22 in Table 1) 
selectivity (Table 1 , entry 28). In our previous study, we observed that the enzymatic kinetic resolution reactions gave related alcohol and acetate product in high yields with more than 99% enantiomeric excess.
However, in this study we got a maximum value of 88% enantiomeric excess from esterification reactions. This clearly demonstrates that the identity of the phenyl group in the benzofuranone structure is very important and it may reduce the kinetic resolution process as seen from the enantiomeric excess values of the steric mass of the group. In our studies, we will continue to increase the enantiomeric excess and use different types of lipase enzymes as well as various microorganisms, and all cell systems will be used with different solvents at different pH values.
In this paper, the enantioselective syntheses of enantiomers are shown in Table 1 and Table 2 .
CONCLUSION
Enzymatic biotransformation can be utilized as a tool for the drug industry. Herein, we focused on the chemoenzymatic synthesis of optically active benzofuranone derivatives which are very important in medicinal chemistry.
We anticipate that this work will provide a new viewpoint to chemists and will increase the interest in biocatalysts and active substance synthesis. In the present work, enantioselective synthesis of (3) and (4), which is a significant objective in pharmacology, through enzymatic 
